the data are often recorded in plus-groups for older ages and hence, age segregated data for older 134 ages are not consistently reported.
135
Sandeel are not representatively caught in the trawl surveys, and therefore length at age data for 136 sandeel were derived from fish sampled from the commercial fishery in the second quarter, and southern sandeel, sprat and Norway pout of ages 2 to 4 and herring of ages 2 to 5. Fish of 145 age 0 and 1 were not included as these were only partially recruited to the survey sampling gear.
146
The estimated mean lengths at age were then used to estimate the annual mean length anomalies.
147
Length at ages 2+ was highly correlated between ages within years for all stocks (Pearson´s 148 product moment correlation: coefficients > 0.60, p < 0.001 for all ages and stocks). This 8 indicates that a common factor is influencing the length of all ages in a given year. Reducing where , , is the length at age a in year y of stock s, ̅ , is the average length at age a of stock s 154 across all years and max denotes the oldest age included in the analysis for stock s (max is 5 for 155 herring and 4 for other stocks; max -1 is used in the denominator, since age 1 fish is not included 156 in the analysis, as explained above).
157
Data on recruitment (R) and spawning stock biomass (S) were derived from stock assessments 158 (ICES 2015a,b) . Recruitment success was estimated as ln(R/S) and the annual anomaly of all-
159
time series was estimated as described for length at age. However, to avoid erroneous tests in accordance with the method described in Pyper and Peterman (1999).
176
As PCA estimates a common correlation structure throughout the data set, we analysed whether
177
there were significant changes in the correlation structure over time. (1983-1993 and 1994-2013 productivity (across all species and stocks) to a period of considerably lower productivity.
248
Co-variation patterns in productivity across stocks
249
The across stock co-variation structure in the length anomaly data changed significantly over (Table 2) , hence, the across stock correlation structure was strong. Up till 1993 PC1 was 254 positively correlated to length anomaly of sprat and the two sandeel stocks and negatively 255 correlated to herring and Norway pout.
256
After 1993, the across stock correlation structure in the length anomaly data was weaker, as 257 indicated by the relatively low proportion of variation explained by PC1 (PC1: 37%, PC2: 31%)
258
( Table 2) . PC1 was now negatively correlated to length anomaly of sprat and the northern 13 sandeel stock but positively correlated to herring, Norway pout and the southern sandeel stock.
260
Hence, a high value of PC1 prior to 1993 corresponds to high growth of sprat and sandeel of 261 both stocks and a low growth of herring and Norway pout whereas a high value of PC1 after 262 1993 corresponds to low growth of sprat and northern sandeel and a high growth of herring,
263
Norway pout and southern sandeel. To make the results from the two periods more intuitively 264 comparable, we used PC1 in analyses of the period before 1993. Using this method, a high value
265
of PC1 corresponds to a high growth of herring and Norway pout and a low growth of sprat and 266 northern sandeel in both periods.
267
PC1 for recruitment success explained 42% of the total variation and PC2 added another 33%.
268
PC1 was positively correlated to the recruitment success of all stocks, although the correlation 269 with southern sandeel was weak (Table 2) . PC2 was positively correlated to southern sandeel and 0.59, t = -2.52, df = 12, p = 0.027) (Fig. 3) and 46%, respectively (ranging from 26 to 69%, Table 3 ). In comparison the reduction in the 290 potential forage fish spawning stock biomass (given a fishing mortality of zero) amounted to c.
291
25% (Fig. 4) . The greater decrease in MSY is caused by the necessity to sustain the stock above certain threshold, the functional complementarity was no longer be sustained (i.e. after 1993).
315
The simulated population dynamics revealed that the reduction in forage fish productivity around 316 1993 roughly halved the maximum sustainable yield (MSY) and F msy (the fishing mortality 317 associated with MSY) and reduced the potential forage fish spawning stock biomass by c. 25%.
318
This drop in productivity is comparable to a study conducted on North Sea cod (Kell et al. 2016 ).
319
However, Shephard et al. (2014) found that the forage fish biomass in the North Sea has 320 remained relatively stable between 1983 and 2012, it may therefore be so that productivity 
Norway pout -8% -29% -45% The youngest age group is age-0 (ɑ 0 ). ɑ 0 in t 1 signifies the recruitment (R) of young fish to the 12 stock and is modelled as a function of spawning stock biomass (S). ɑ max is a plus-group and 13 covers all age groups at or above the oldest age group for which accurate data is available. N is 14 the stock number for any given age group (a i ), season (t i ), and simulation year (y i ). Each 15 simulation year starts at the time of spawning, in accordance with the biology of these stocks.
16
N initiate is the initial stock numbers required to initiate the simulations. f(S) is the stock-17 recruitment function, in this case a hockey-stick function (with the horizontal bar equal to the 18 geometric mean recruitment for the specific stock and period (as previously described) and the 19 brake point equal to B lim ), to which a log-normal distributed error term is added to simulate 20 environmental variation (σ R = 0.35 was applied for all stocks). S at the onset of y i is calculated 21 from stock numbers at age, the mean weight, and proportion mature. Proportion mature were the same independent of the period and corresponded to the values applied by ICES in the current where σ N is the virtual "stock assessment uncertainty" of stock number estimates (σ N = 0.3 was 35 applied for all stocks and both periods).
36
The shifts in F msy reported in the Table 3 in the main text is driven solely by shifts in mean 
42
F msy (i.e. the F that leads to a probability P of 0.05 of falling below B lim ) was identified by 
45
Model assumptions were kept at a minimum to homogenize the individual sub models, such that 46 the results reported in table 3 in the main text arrived only from the stock specific differences in weight at age and recruitment, before and after 1993. fig. S3 . The temporal development in the 58 residuals can be seen in fig. S4 .
59
All stocks displayed decreasing trends in recruitment anomalies similarly to the analyses 60 conducted using ln(R/S) in the main text (Table S2) , and also when using 3-year running 61 averages (Table S2) .
62
PC1 for recruitment success explained 42% of the total variation and PC2 added another 28%.
63
Similarly to the analyses conducted with ln(R/S), PC1 was positively correlated to the 64 recruitment success of all stocks, although the correlation with southern sandeel was weak (Table   65 S3). 
71
Detailed information about correlations between individual stocks can be found in Table S4 . This 72 information were not included in the main document. 
